A new species Pythium canariense (CI-07), isolated from soil samples taken in the San Nicolas region of the Canary islands (Gran Canaria, Spain), is being described here. This species is characterised by its spherical to pyriform, intercalary to catenulate sporangia, smooth-walled terminal oogonia supplied with monoclinous and diclinous antheridia which at times are branched and wrap around the female gametangia. The fungus has an antagonistic effect on Botrytis cinerea, the grey mould fungus. Morphological features are being given here together with the sequence of the complete internal transcribed spacer region of the nuclear ribosomal DNA of the fungus, its comparison with related species, and some aspects of its antagonistic behaviour with B. cinerea. ß
Introduction
More than 120 species belonging to the genus Pythium have been described. These fungi are distributed throughout the world and are well known for their pathogenic behaviour on a wide range of plants, infecting mainly juvenile or succulent tissues, thus restricting their parasitic behaviour to seedlings or to the feeder roots or root tips of older plants, and to watery fruits or stem tissues [1] . However, all the species of the genus are not parasites. In fact most can live as saprophytes and occupy a wide range of terrestrial and aquatic habitats [2, 3] .
The members of the genus Pythium are true fungi having a coenocytic branched mycelium, but phylogenetic comparisons place them close to algae and higher plants [4, 5] . Unlike most of the eumycetes, the members of this genus remain diploid throughout their life cycles with meiosis occurring in the gametangia before fertilisation [6] . Most of these fungi have both sexual and asexual stages in their life cycles, the sexual reproduction being an oogamy while the asexual reproduction taking place by the formation of zoospores in ¢lamentous or spherical types of sporangia.
The taxonomy of the genus Pythium is mainly based on the morphological description, and the keys provided by Middleton [2] , Plaats-Niterink [3] and Waterhouse [7] are still indispensable. However the morphological observations can now be supplemented with molecular characteristics. The polymerase chain reaction (PCR) coupled to restricted fragment length polymorphism analysis has become a useful tool in fungal taxonomy and is currently used to identify di¡erent species of Pythium [8, 9] . Ampli¢cation of the ribosomal gene is used for the genetic identi¢cation of many organisms because they comprise both highly conserved sequences during evolution and highly variable sequences among species and even within species. The ribosomal nuclear DNA consists of transcribed and non-transcribed regions [8] . The sequence of the internal transcribed spacer (ITS) consists of ITS1 and ITS2 regions which are non-conserved and can be ampli¢ed by using universal primers. More than 50 ITS sequences of the ribosomal DNA of the members of the genus Pythium are now available on the GenBank.
A new species Pythium canariense has been isolated from soil samples taken in the San Nicolas region of Gran Canaria' (Canary islands) in Spain. The soil samples were taken on these islands in 1992 and 75 pythiaceous fungi were isolated. The isolate CI-07 was identi¢ed by the author as Pythium iwayamai as its growth and morphological features were very close to this fungus. Unfortunately no detailed work was done on the isolates of the Canary islands until recently when it was found that the isolate CI-07 was antagonistic to Botrytis cinerea, the causal agent of the grey mould disease of the grapevine. A close look at the morphological features and the sequence of the ITS region of its nuclear ribosomal DNA makes it clear that the author had mistakenly identi¢ed it as P. iwayamai in 1992. This is now being described as a new species and it is named P. canariense. The fungus is characterised by its spherical to pyriform or elongated sporangia, its monoclinous and diclinous antheridia often crowding and making a knot around the smooth-walled oogonia, and its plerotic oospores. The morphological details of the new species together with the sequence of its ITS region of the ribosomal nuclear DNA, as well as comparison of morphological and molecular characteristics with related species are given here.
Materials and methods

Fungal isolates
The fungus was isolated thrice from soil samples taken in San Nicolas,`Gran Canaria' (Canary islands). The isolate CI-07 is the type culture. Fungi were recovered from the soil samples by the usual baiting techniques with boiled hemp seed halves as described elsewhere [3, 10, 11] . A bit of the fungal mycelium was inoculated upon solid media like potato carrot agar (PCA) and potato dextrose agar (PDA). All the cultures were incubated at 25³C. The fungus was identi¢ed by the help of keys provided by Middleton [2] , and Plaats-Niterink [3] . For the comparative study, P. iwayamai and Pythium okanoganense were obtained from CBS, The Netherlands (CBS 697.83 and CBS 315.81, respectively), while all other fungal isolates were taken from the personal collection of the author.
DNA isolation and PCR
The fungi were grown in potato dextrose broth which is prepared in the same manner as PDA without the addition of agar^agar. The culture conditions, DNA isolation and the PCR ampli¢cation of the ITS of the ribosomal nuclear DNA were done using the procedures described earlier [9, 12] . Universal primers ITS1 (TCC GTA GGT GAA CCT GCG G) and ITS4 (TCC TCC GCT TAT TGA TAT GC) were synthesised and the DNA sequence was realised by Oligo Express (Paris). ITS1 is at the 3P end of the 18S rDNA gene and ITS4 is at the 5P end of the 28S rDNA gene. The sequence obtained was compared with the ITS sequences of related species of Pythium : P. iwayamai, P. okanoganense, P. nodosum, P. proliferatum, P. intermedium, and P. sylvaticum. The sequences of the last four species were obtained from the GenBank, while those of P. iwayamai (CBS 697.83), and P. okanoganense (CBS 315.81) were obtained by ampli¢cation of the ITS regions of their nuclear ribosomal DNA using the same procedures that were used for P. canariense. The comparative study was done on the ITS1 region only. The sequences of P. canariense, P. iwayamai and P. okanoganense have been deposited to the GenBank, as AY065618, AY065619, and AY065620, respectively.
Interaction with B. cinerea
P. canariense (CI-07) and B. cinerea (BC-03) were maintained on PDA. Antagonism between the two was observed by placing them on the same PDA plate at opposite ends and also on a thin PDA ¢lm on a glass slide as described earlier [13] . Three replicates were prepared for all the plates and slides and were incubated at 25³C for a period of 2 weeks. Sterile distilled water was poured occasionally on the PDA ¢lm on the slide to avoid dehydration.
Results
Morphology
P. canariense sp. nov., Figs. 1^5. Mycelium bene rami¢catum, sine loculis, hypha principalis 7 Wm diam. Sporangia globosa, subglobosa, ovata, vel prolata, intercalaria interdum catenaria 18^30 Wm diam. Oogonia laevia, globosa, terminalia, 19^30 Wm diam, Antheridia unam vel plurima, monoclinata et diclinata, interdum circa singulum oogonium formans nodum circum. Oogonia continentia unam oosporas, pleroticas, globosas, 17^29 Wm diam; 2^4 Wm crassi tunicatas. Incrementum radiale quotidianum 14^15 mm 25³C in agaro Solani tuberosi et Dauci carotae (PCA). Secretum ex terra in San Nicolas, Gran Canaria. Holotypus in herbarioUniversitatis Bourgogne conservatus (CI-07).
P. canariense isolate CI-07 grows well on solid media (PCA, PDA) as well as on boiled hemp seed halves in water. The mycelium of the fungus is well developed with well branched, coenocytic, hyaline hyphae measuring up to 7 Wm in diameter. The average daily growth of the fungus at 25³C on PCA is 14^15 mm and on this medium it produces a chrysanthemum pattern. Sexual and asexual structures are formed plentifully in water cultures.
Sporangia (Fig. 1a^f ) are usually intercalary, catenulate and at times terminal. These can be of various shapes : spherical, globose, subglobose, pyriform, pea-nut-shaped, dumb-bell-shaped, and elongated. When spherical these measure between 18 and 30 Wm in diameter (average 24.5 Wm). The elongated ones (Fig. 1d ) measure up to 50U40 Wm. Some of the sporangia are provided with papilla like projections (Fig. 1b) . Zoospores are formed at 15^25³C in water cultures by the formation of a stout and often spirally twisted germ tube of various lengths (Fig.  2a) . On the tip of the germ tube appears the sporangial vesicle (Fig. 2b) in which the entire content of the sporangia is transferred. These develop into zoospores (Fig.  2c^e) and start moving inside the vesicle. The vesicle then gets detached from the germ tube (Fig. 2e) and ¢nally bursts open to release about 20^25 zoospores which swim freely and ultimately get encysted. The encysted zoospores (Fig. 2f,g ) are up to 10 Wm in diameter and these too germinate into mycelium through twisted germ tubes (Fig. 2f) . The fungus also produces some elongated, clubshaped hyphal bodies (Fig. 2h) .
The sexual reproduction in P. canariense takes place by the formation of oogonia supplied by various types of antheridia. The oogonia are spherical and terminal, rarely intercalary and have densely granulated cytoplasm. The female gametangia (oogonia) measure 19^30 Wm (average 25.9 Wm) in diameter.
The antheridia are usually monoclinous but at times they are diclinous, 1^6 per oogonium. When alone the antheridial cells have an apical contact with the oogonium (Fig. 3a,b) . At times the antheridial branches get branched (Fig. 3e) and the branches crowd around the oogonia, making a complicated knot (Fig. 3d^f) . When this happens it is very di¤cult to ascertain the number and the type of antheridial contact.
After the fertilisation a single oospore is formed per oogonium. These are plerotic, occupying the entire volume of oogonia and measuring 17^29 Wm in diameter (average 20.7 Wm). The oospore wall is 2^4 Wm in thickness (Fig.  3g,h) . 
ITS region of the rRNA
The complete ITS sequence of P. canariense and the partial sequences of the £anking regions have been submitted to the GenBank (accession number AY065618). 1 gtaggtgaac ctgcggaagg atcattacca cacctaaaaa actttccacg tgaactgtct 61 tacttagttt tgcgctgctg tcgggagtgt tctgcgtgcg ctttgcacgg agagcgtttc 121 ttgcaacggc tgaacgaagg ttggtggcgt gttgtctttt ctttgcgtgc ttgattgtat 181 gcgggagacg tacgccgccg gctgacttac tttttcaacc ccattacgaa acaaactgaa 241 gtatatactg tgagaacgaa agttctcgct ttgaactaga taacaacttt cagcagtgga 301 tgtctaggct cgcacatcga tgaagaacgc tgcgaactgc gatacgtaat gcgaattgca 361 gaattcagtg agtcatcgaa attttgaacg catattgcac ttccgggtta tgcctggaag 421 tatgtctgta tcagtgtccg taaatcaacc ttgcctttct tttcctgtgt agtcagggga 481 ggagacggcc gatgtgaagt gtctcgcgtg cgtcggtttc ttggtattct ttccaagagc 541 acggcggtcg agtcctttga aaacgacacg atctttctta tgagttttgc gacgtgtgtt 601 ggtcgaacgc ggtgattttc ggatcgctcg tggtcgtcgg cgacttcggt gaatgcatta 661 tggaggaaac cttgcttcgc ggtacgttag gcttcggctg gacaatgttg cgtatgtgag 721 tgtggaatcc gtgttcgcct cgaggtgtac tggcggtcgt gagcttgacc tgtttgtcgg 781 tgtgtagtag gcttgtgcat tgttttcgcg gactcgtctg cgactgacgc tttcgggtgt 841 tggtgtattg caggagagag cttgatttgg gaagttttgt gtttgttgtt tgccttcggg 901 tggaataagc atctcaattg gacctgatat cagacaagac taccc The comparison of the ITS1 sequence of P. canariense and related species is given in Fig. 5 . The ITS1 sequences of two other species which have been used for a compa- rative study with P. canariense have also been submitted to the GenBank. The accession numbers are: AY065619 P. iwayamai (CBS 697.83) and AY065620 P. okanoganense (CBS 315.81).
Interaction with B. cinerea
When grown together with B. cinerea, P. canariense (CI-07) exhibits resistance towards the grey mould pathogen. On the slide (Fig. 4) this fungus grows towards B. cinerea (arrow) and stops its growth and sporulation. It is a very good antagonist to the grey mould pathogen and produces hydrolytic enzymes (Paul, unpublished) . Normally if B. cinerea is grown together with a non-antagonist it overlaps the latter within 1 week and overgrows quickly producing the characteristic grey conidia on the entire surface of the slide. Here on the slide the pathogen was contained within the area of inoculation by P. canariense. Comparison of the ITS1 sequence of P. canariense (CI-07) with those of P. intermedium, P. sylvaticum, P. nodosum, P. proliferatum, P. okanoganense and P. iwayamai (CLUSTAL W (1.81) multiple sequence alignment).
Discussion
P. canariense (CI-07) was mistakenly identi¢ed as P. iwayamai, however nothing was published regarding this fungus because of some doubts about its correct identity. The isolate CI-07 has been maintained in the collection since 1992. The PCR ampli¢cation of the ITS region of its nuclear ribosomal DNA, and a review of the morphological structures have given enough evidence of its new identity. The ITS1 region of this isolate, when compared to that of P. iwayamai, gives only 78.2% identity. Moreover the antheridial clusters around the oogonia are not found in the latter. Another fungus that comes very close to P. canariense is P. okanoganense as the sequence of its ITS1 region gives a 77.4% similarity. However the temperature^growth relationship between the two fungi is entirely di¡erent. Fungi like P. proliferatum, P. nodosum, P. sylvaticum, and P. intermedium are also known to have their antheridia crowding around the oogonia. A comparison of their ITS1 regions with those of P. canariense gives 64.8% identity with P. proliferatum (GenBank accession number AF242897), 62.5% with P. nodosum (AF187842), 67.7% with P. sylvaticum (AJ233459), and 66% similarity with P. intermedium (AJ233447). Morphological characteristics and the temperature^growth relationship of all these fungi are also quite di¡erent. A comparison of the ITS1 regions of these fungi can be observed in the multiple alignment in Fig. 5 . The fundamental morphological and molecular differences between P. canariense and other related species, as well as those in the sequences of their ITS1 regions, justify the creation of this new taxon. P. canariense is also an excellent antagonist to B. cinerea as it stops the growth and sporulation of the grey mould pathogen. It has the same degree of antagonism towards B. cinerea as shown with the mycoparasite Pythium periplocum [14] . The enzymatic characteristics of this fungus and its behaviour towards the suppression of the grey mould disease of the grapevine have been studied and will be the subject of a later publication.
